A Direct Plaque Assay for Hog Cholera Virus
(Accepted I7 January t978) SUMMARY Direct plaque formation with representative strains of hog cholera virus (HCV) has been obtained using several pig kidney cell lines under agar overlay. HCVinfected cells appear as hazy plaques when viewed against an indirect light source, and as white plaques after neutral red staining. HCV assay by direct plaque procedure is rapid and convenient and gives infectivity titres identical to the fluorescent focus assay technique.
For about 20 years the direct plaque titration of hog cholera virus (a non-arbo Togavirus of the Pestivirus genus) has been attempted, but no suitable procedure for routine work has been developed so far. Due to the lack of c.p.e, in tissue culture, HCV has generally been titrated by the fluorescent focus assay technique (Carbrey et al. I965) , and by the ENDmethod (exaltation of Newcastle disease virus; Kumaga'i et al. 196I) . In addition, a new and acceptable procedure, the reverse plaque formation, based on the phenomenon of heterologous interference between HCV and vesicular stomatitis virus, has been developed (Fukusho et al. 1976; Laude, 1978) . However, all the methods mentioned above remain more tedious than one based upon direct plaque assay. The resistance of HCV-infected secondary pig kidney cells to neutral red staining has been reported (Van Bekkum & Barteling, I97o), but in this procedure an 8 to I2 day incubation period was required for plaque demonstration. In this paper we provide evidence that representative HCV strains can produce plaques on pig kidney cell lines directly. Further, the proposed technique can be used routinely for titration of HCV.
HCV strains tested for plaque formation are listed in Table I . The source and the propagation of these strains in PK15 cells have been described previously (Laude, I978) . Three pig kidney cell lines were used for the plaque assay: PK15 (17 sub-passages during the experiments), RP' TG' (isolated in this laboratory, 3oth to 49th passage) and RP' D'lo (supplied by Sanders laboratory, I Ith to 25th passage). Monolayer cell cultures, not more than 24 h old and not yet confluent, obtained from approx. 6 x lO 5 cells per 30 mm diam. container, were employed for the HCV infection. (Costar plastic 6-well trays and Nunclon plastic Petri dishes were used in the experiment .The degree of confluency was found to be an important criterion in this technique; if the cell density was too high monolayers became opalescent in appearance, making plaque scoring difficult.
After removing the growth medium and washing, each plate received 0-2 ml of an appropriate HCV dilution which was allowed to adsorb for I h at 38 °C in a 5 °fo COs atmosphere. Then 3 ml of Eagle's minimum essential medium (pH 7"6, calcium-free, Eurobio) containing 0.6 % agar (Indubiose, L'Industrie Biologique Fran9aise, Gennevilliers) were added. The medium was supplemented by 4 % foetal calf serum, previously checked for the absence of anti-Pestivirus antibiodies. Two other batches of serum and agar (Biorad and Touzart & Matignon) were also tested. After incubation at 38 °C in a CO S incubator for designated periods, cultures were stained for 7 h at 38 °C by adding to the overlay 2 ml of o.oi % neutral red (Kuhlman, Biolyon) in Eagle's medium buffered by o. 16 i-tris, pH 7"6. Eventually, the cultures were fixed with 1% glutaraldehyde at 4 °C overnight. Since some difficulty was experienced in maintaining the cells in a healthy state after 3 days under the agar overlay, a second medium overlay (I ml) was found useful. The direct immunofluorescent plaque technique (Aynaud, 1968 ) , reverse plaque formation (Laude, I978), serum neutralization studies by plaque reduction (Corthier et al. 1974) and virus purification (Laude, I977) were done as described previously. Plaque formation required 2 to 5 days depending on the virus strain, (Table 1 , Fig. 0 . A change in the optical properties of HCV-infected cells could be detected with the naked eye; discrete and hazy plaques became visible when the dishes were viewed against an indirect light source (Fig. Ig, h and i) . Under the light microscope, it was possible to distinguish infected loci from non-infected cells, the former showing some subtle changes in refringency. At this stage, nearly all plaques could be scored unstained. After neutral red staining, the plaques were prominent as whitish areas against a pink background. Sometimes a redplaque stage preceded white-plaque formation (Fig. I e) . For the same batch of agar used, the plaque diam. was characteristic for the virus strains assayed. Further incubation for 4 to 6 days gave larger plaques, but no significant increase of plaque count was observed; such an increased incubation period frequently demonstrated the appearence of a necrotic focus at the centre of plaques formed by fast-growing strains (Fig. I d, i and i') . The difference in cell type or passage level did not affect plaque morphology or the titre. Plaque formation was reproducible for the HCV strains examined. There was no marked influence of the source of agar or serum used, and the absence of calcium from the medium was not an absolute requirement.
It is clear that HCV-infected cells which are refractory to neutral red staining are not dead, but are in a state from which they normally recover in liquid media. If the same HCVinfected monolayers were challenged by VSV as in the reverse plaque formation technique, hazy HCV plaques containing cells became VSV-resistant in the background of a disintegrated cell sheet, and then could be stained by neutral red.
Using the Alfort20 strain of HCV, the dose-response curve showed a linear relationship between concentration and plaque number over the range of IO to 25o plaques (regression coefficient = o'995). Virus titres determined by direct plaque formation and fluorescent focus assay technique did not differ significantly (P < o'o5; Table I ). The following results clearly indicate the specificity of the plaque produced. Plaque formation was inhibited when the viruses were mixed with HCV antiserum before infection (NDs0 = I/3oooo with Alfort20). Moreover, fluorescent antibody staining revealed the presence of HCV antigen in nearly all cells comprising the hazy plaques. Finally, plaques were obtained using purified virions from three HCV strains and the sedimentation profiles of the plaque-inducing agents were similar to that of the standard virus detected by immunofluorescence. At present, the existence of cytopathogenic strains of HCV is controversial and the strains commonly employed in laboratory studies do not cause evident cell lesions. The findings presented here demonstrate that plaque formation under agar overlay is rendered possible with those strains which do not produce definite c.p.e, in fluid culture medium. The fact that c.p.e, is not a prerequisite for the demonstration of plaques has been previously reported, notably in the case of some Togaviruses (see Cooper, I967) . The plaque procedure presented here is rapid and simple. Plaques can be scored at two stages: before neutral red staining, as hazy plaques, and after staining, as white plaques. The inability of HCV-infected cells to take up the dye may be interpreted in terms of changes in the lysosomes, similar to those occuring in other virus-cell systems (Allison, 1967) . At present, plaques formed by the ' chronic' slow-growing strains of HCV appear more distinct by the reverse plaque formation technique but the direct plaque formation technique offers a very convenient tool for assaying fast-replicating HCV strains. Serum neutralization studies are facilitated using this method. The direct plaque formation can also be employed in cloning of HC viruses for genetic studies.
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